Introduction
This study is an attempt to model variation in a constraint-based theory. It is not the first one of its kind. Ever since an optimality-theoretic analysis of English t/d deletion was proposed by Kiparsky (1993) , the systematic treatment of variation in Optimality Theory literature has been growing. There are various ways to approach variation in Optimality Theory (henceforth OT) (Prince and Smolensky 1993 . Anttila (2002) provides a useful discussion of various possibilities. Especially interesting are Hammond's (1994) account of variable stress in Walmatjari by means of tied violations: two or more candidates incur exactly the same violations with respect to all the constraints in the grammar; Müller's (1999) pseudo-optionality approach in which variation is attributed to free choice between alternative inputs; and Boersma and Hayes' (2001) continuous ranking scale in which each constraint has a fixed ranking value along a realnumber scale.
A new way of explaining the distribution of variant pronunciations in English is added to the existing optimality-theoretic approaches to variation mentioned above. It accounts for variation in terms of a single invariant ranking. Formally, we propose to specify the levels of representation with respect to which identity constraints are evaluated. We characterize the specific requirement for a constraint to refer either to an input, or to an output as I-to-O [±voice] and O-to-I [±voice]. Our proposal is compatible with OT, and with Correspondence Theory in particular. Correspondence Theory allows constraints on the output, on input-output relations, and on output-input relations.
In this paper we propose an analysis within OT to account for obstruent voicing alternations in English when onset-specific faithfulness is irrelevant. We will argue that we must break the identity constraint that specifically targets obstruent [voice] into [+voice] and [-voice] constraints and elaborate these identity constraints somewhat, so that we have a way of stating that in regular voicing assimilation an input obstruent maps to an output one, while in case of variation in voicing alternation in output an output obstruent maps to an input one. We begin in section 2 with some facts about English obstruent clusters. We follow this in section 3 with different OT analyses of tautosyllabic obstruent clusters in English. In section 4 we present more facts about obstruent voicing and devoicing. Section 5 describes our alternative account of the variation in English voicing alternations. The most significant conclusions are summarized in section 6.
Some facts from English
English stem-final obstruent clusters have a single value for the voicing feature. With the exception of the word adze in which the final obstruent clusters are voiced [dz] , stem-final obstruent clusters are invariably voiceless. Consider the items in (1) which are given in their orthographic representations except for the obstruents in question.
( To account for the distribution of the allomorphs in (2) the strategy in traditional generative phonology has been to posit a single underlying form /d/ for the past tense and /z/ for the plural and its exact parallels and to provide a progressive assimilation rule that devoices /d/ and /z/ after voiceless obstruents. The voicing assimilation seen in (3) is viewed as a separate phonological process and is accounted for by a different rule of regressive assimilation that devoices the end of the stem.
In OT these two rules are seen as having one surface effect: enforcing agreement in voicing in clusters of obstruent consonants. Assimilation then is motivated by representational wellformedness and regulated by a set of constraints on phonological structure. We turn now to details of constraint-based analyses of English voicing assimilation.
OT accounts of voicing assimilation
3.1 Lombardi (1999) Lombardi (1999 Lombardi ( ) recasts her (1991 Lombardi ( , 1995 typology of voicing assimilation and neutralization in terms of Optimality Theory. Assuming that voice is privative, she proposes a faithfulness constraint and a markedness constraint. The constraints and their definitions, as proposed by Lombardi (1999) , are given in (4) and (5). (4) Faithfulness constraint IDENT (Laryngeal) (IDENTLar) Consonants must have identical laryngeal specification.
The constraint IDENTLar prefers output forms of underlying obstruents that are identical to their underlying representation in their laryngeal specification. (9) below. The competition includes not only the suffix-faithful candidates in (9a) and (9b) but also the voice-agreeing candidate in (9c). As shown in the tableau, the incorrect output (9a) is selected due to the actual optimal candidate's failure on IDENTLAR (candidates which are erroneously chosen as optimal are indicated by ).
Borowsky (2000)
The OT account of English presented in Borowsky (2000) has the constraints in (10) and (11). The first sets of constraints (10) are identity constraints: one is the general constraint IDLar, which requires that output consonants should have the same specification for voicing as their corresponding input forms. The other two are restricted to a specified morphological domain: IDWD to word domain and IDMS to the affix. The second sets of constraints are two markedness constraints: *LAR, which is violated by any voiced obstruent segment and AGREE which penalizes obstruent clusters, which disagree in terms of voicing.
(10) Faithfulness constraints (Borowsky 2000) a.
IDENT ( Borowsky claims that in English, the constraints are ranked IDWD, AGREE » IDMS » IDLar » *LAR. This constraint ranking seems to choose the correct output as the most optimal as demonstrated by the tableaux (12-14). On Borowsky's account, the optimal output for an input such as in (12), with a voiceless stop followed by a voiced fricative has a voiceless cluster:
The optimal candidate for an input cluster as in (13) with a voiced stop followed by a voiced fricative has an identical voiced-voiced cluster.
An underlying voiced obstruent loses its voice feature when it is in root-final position before a voiceless suffix, as indicated in (14) The correct output is (16b), but it was ruled out because it violated the constraint against changing laryngeal features of the monoconsonantal plural morpheme.
Grijzenhout (2000)
Grijzenhout (2000) presents an analysis of voice assimilation in obstruent clusters, which is intended to account for voicing assimilation patterns in English, German, and Dutch. She adopts two faithfulness constraints: one is a domain-specific identity constraint, IDENT STEM (Voice), which requires that segments in a stem retain their underlying specifications for voice. The other is the general constraint IDENT (Voice), which requires that corresponding input and output obstruents have the same laryngeal specification. In addition, she adopts two markedness constraints that prohibit voiced obstruents: DEVOICING and FINAL DEVOICING and a constraint AGREE, which requires that obstruents in a cluster agree in voicing.
(17) Faithfulness constraints (Grijzenhout 2000) 
Some more facts
In case a stem-final voiceless obstruent is followed by the plural morpheme /-z/, the obstruent in question surfaces either as voiced (22) The English plural pattern illustrated in (22) and (23) These data are like those found in (22) and (23) where the stems end in voiceless obstruents, yet the data in (24) form their plurals by progressively assimilated voiceless clusters as well as by regressively assimilated clusters giving rise to variation in the output. These examples especially those that have two variant pronunciations pose a challenge to OT models discussed in section 3 and render them incapable of accounting for English language data.
An optimal alternative to voicing assimilation
To account for voicing assimilation of obstruent clusters in English when onset-specific faithfulness is not at stake, we will adopt two domain-specific identity constraints, one is restricted to stems and the other to root affixes. The definitions of these constraints are given in (25) and (26). These constraints belong to the IDENT (F) family of Correspondence constraints proposed by McCarthy and Prince (1995) . IDENT(Voice) Stem and IDENT(Voice) Affix require that output segments should have the same featural specification for [voice] as their corresponding input forms. The data in (2) suggest that stem-final obstruents retain their underlying specifications for voice. The data in (3b,c) suggest that the feature [voice] specification of an affix that selects a root as its host is not altered due to high-ranked IDENT(Voice) Affix . The feature specification of the root-final obstruent may differ from its input specification to ensure that adjacent obstruents agree in voicing in the optimal output form. This implies that English voicing assimilation involves a grammar in which the constraint AGREE is subordinated to these domain-specific identity constraints.
(27) AGREE Obstruent clusters agree in voicing.
This constraint demands identity in voicing specifications of adjacent obstruents. In addition to the above constraints motivated for English, we also need a general constraint IDENT(Voice), which requires that corresponding input and output segments have the same laryngeal specification. Following Pater (1999) , Butska (1998) The data in (2) and (3b,c) suggest that in the grammar of English, the aforementioned constraints are ranked as follows:
The correctness of this ranking is demonstrated by the tableaux (31-33). The first tableau evaluates candidates for the input ca/t/ stem + /z/. Under IDENT(Voice) Stem dominance, candidate (31b) is ruled out. The non-optimal candidate (31a) loses because it violates the higher-ranked AGREE constraint. The optimal candidate (31c) This approach has been used by for Turkish, by Grijzenhout (2000) for English and by Krämer (2000) for Breton. The stem-final obstruents in (35b) have no underlying specification for the feature [±voice] (with F and TH symbolizing the underspecified obstruents), while the final obstruents in (35a) and (35c) are prespecified as voiced and voiceless, respectively. Since there is no specification for voicing in the input of stem-final obstruents in (35b) there is nothing to compare the output with; this means that surface forms of undrspecified obstruents never violate identity constraints. An illustration of this contrastive use of underspecification is provided by tableaux (36-38). (36c) is correctly picked by satisfying both constraints. In the second tableau, since the stem-final obstruent is unspecified for voicing in the input, the corresponding obstruents in the output do not have a voicing specification to be identical to and thus never violate IDENT(Voice) Stem and IDENT [+VOICE] decides between the candidates which do not violate AGREE. In the third tableau, candidate (38b) loses out by violating IDENT(Voice) Stem , since the underlying specification of the stem-final obstruent is [-voice] . The most faithful candidate (38a) is ruled out for violating AGREE, because it has a cluster that does not agree in voicing. The optimal candidate (38c) avoids this with progressive assimilation, thus incurring a violation of IDENT [+VOICE] . The basic idea to capture regressive voicing in this account is that if an underspecified obstruent is followed by another obstruent, the former (the underspecified one) acquires the positive voice specification in satisfaction of AGREE, because it has no underlying voice specification to be maintained to satisfy IDENT(Voice) Stem , the constraint responsible for selecting forms which are faithful to voice specifications of the stem. Under the analysis developed so far, one still cannot account for the data in (24) in which a single input is being mapped onto two outputs, each of which is grammatical.
OT allows free variation to result from partial ordering of constraints (for OT analyses of phonological variation see Antilla 1997; Borowsky and Horvath 1997; Itô and Mester 1997) . In this free ranking approach, strict domination holds within each competition. Tableaux for the illustrative input hoo/F/ stem + /z/, where the selection of the winning candidate crucially involves the two different-ranking scenarios, IDENT hoo [vz] The central result is that in this case ranking variation does not translate into variation in the output. With either ranking, the same candidate is selected, namely, hoo [vz] . This is so because the ranking of two constraints makes a difference only when the two competing candidates each pass, and fail, one of the constraints. But if the candidates both satisfy one of the constraints, then the constraint in question (here, IDENT[-VOICE]) has no deciding power. When IDENT [-VOICE] is in this way irrelevant, then its ranking with respect to IDENT[+VOICE] will also be irrelevant; hence different rankings have no effect and lead to the same winner.
As an alternative where strict domination does not hold for individual competitions, there is tied violations: these two constraints are true equals, in the sense that a violation of neither constraint ever counts as dominating a violation of the other. Addition of IDENT O I [±Voice] as further constraints has the necessary effect: reducing variation to differences in the specific requirement for a constraint to apply from Ito-O or O-to-I. The proposed faithfulness constraints correctly pick a winner. Tableaux for the illustrative input you/TH/ stem + /z/, where the selection of the winning candidate crucially involves a difference between "input-output" faithfulness and "output-input" faithfulness, are given in (45) and (46) The upshot of the analysis is that free variation that has defied a classical OT solution turns out to have at its core a fairly simple and unified OT constraint-ranking analysis. We have, then, succeeded in constructing a viable account of voicing alternations in English within an OT model, crucially relying on archephonemic underspecification and on the assumption that the identity constraint that specifically targets obstruent [voice] need to be specified as applying from I-to-O or O-to-I.
Conclusion
We have discussed English voicing alternations from the perspective of Optimality Theory. Our account exploits the use of archisegments (i.e. segments underspecified for the feature voice) and a constraint system in which faithfulness to voicing is distinguished from faithfulness to voicelessness. The variation that occurs is seen to be a function of identity constraints targeting obstruent voice that apply from I-to-O and O-to-I.
We have argued that in English the feature voice is subject to alternations such that certain forms may end in variable obstruent voicing. This fact cannot emerge naturally from any reasonable account in classical OT. We have shown how OT can account for both the categorical voice choice, which occurs with most stems and the variation that occurs with other stems. Our analysis shows that variation data can be modeled by a grammar with constraints on output-input relations. OT's usual alternatives to variation, free ranking and tied violations, have proved inadequate to handle the English facts. It seems fair to conclude that OT has opened up a new perspective for the study of phonological variation.
Finally 
